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Abstract. We suggesta method forfinite-elementmodelling of beamsstrengthenedvith
fiber reinforced plasticgcarbon fibefreinforced plastis), which allovs analyzing the
mechanism of mcks formation andorecasting theailure mode when planning physical
experimentsWe have represented the comparisosdemes otrackformation obtained as
a result of numerical modelling

1. Introduction

Technology of strengthening of concrete structures with fiber reinforced plastics (FRP) is
relatively newfor Russia. The first largscale projegtstrengthening of thecaffold bridgeof

the third ring road in Moscow, dates back to 208ince then the technology has been
successfully appliedn hundreds sites in the territory of Russia. Strengthening of oblique
sectiors is implemented by means of gluitige externalFRP confinement reinforcement to

the zone of a dangerous oblique section efhdpedstirrups Russian methods of assessment

of stressstrain state of mukspan structures FRPrehgthened across the oblique section are
currently being developed, while the foreign methedtablishedy the regulations, ensure
(according to their authors) significant strength reserve and have been tested only en single
span specimens.

2. Setting of the problem
For modeling of operation of a multpanreinforced concrete structure strengthened with
polymer material across the oblique section, we have conducted a numerical experiment in the
programming and computing suite of thesysfinal element analysis. @oublespan
reinforced concrete beams with 2460 mmlire n gt h a nlg mrhig 8egtiBrdvere
modeled in theAnsys Mechanicgbrogramming modulé€Fig. 2). The beams have the same
section spans (300 mm), but differenfinemen reinforcement rogpacing in the zone of
center support(without confinement reinforcementod spacing85 mm, rod spacing
110mm). Each beam was modeled in three varidntgith strengthening at angle 8@ the
centerline with strengthening at anglé (in the direction of the principal tensile stress in
unreinforced specimen) and without strengthening. The strengthening was specified in the
section span by sghapedstirrups made from unidirectional carbaf cold (onsite)
solidification. The stirrupsvere set with the width of 50 mm and thikch of 200 mm. The
scheme o§pecimenstrengthening ishownin Fig. 1.

For modelingwithin the numerical experiment of the stra$sain state, the reinforced
concrete beam and composite material of strengthening were divided into volumetric (for
concrete modeling), flat(composite material and axial elements(for modeling of
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reinforcement The gze of the end element isadopted in accordance with the
recommendations of the developer of the programming unit for such nadels equal to
1 0 Ar11068m.

Fig. 1. Scheme of the reinforced concrete beatnsngthening.

The concrete was modeled with the use of $b&d65 solid finite elementsAs a
criterionof strengthwe chose the model of Willatwarnke[1], which is the development of
the tree invariant strength criterion by Genjigyk

At the first stage omodeling,we used the diagrams of nonlinear strain of materials in
accordance with the regulations: trilinear diagram for concrete and Prandtl diagram for steel
in compliance with the design and construction specifica®#83.13330.20123]. Then we
tested theeferencespecimensconcrete prisms for compression according to GQS8I80G
2012[4] and the samples of carbon fibreinforced plastic fotensile propertieaccording to
GOST 25.60180 [5]. Real strain diagrams, obtained in the process of physical testing, were
used for conducting the second stage of the numerical experiments. Then we tested the
reference (unreinforced) specimens of beams and elaborated the concrete operating
coefficients, pdicularly the coefficients of load transition through cracks and blind drains
level of stress and cracks formation.

Due to the complexity of defining the actual width of the crack opensigg the
methods of the finite element modeling for provisiorcohtiguty of the finite element grid
we used the method of #Ablurringd6l.Theaet 6sawhy z
in the applied diagram of the material state after achieving the ultimate stress dpysttan
materialit is necessary taddthe conventionatecessivebranch(Fig. 2). Thus crack in the
concrete is modeled through the decline in the sgam modulus value at a certain level of
loads. Exactly this section of the diagram models the distribution afrtoisin a certain
group of the finite elements thus providing the opportunity to assess the cracks formation
peculiarities of the specimen.

Fig. 2. Trilinear diagram with conventional recessive branch

Specifications of FRP were introduced for both the entire reinforcement sfesdmn
fiber-reinforced plastic filament together with the binding filameatcepted at the first stage
according to the Manufacturer's Data Report and then according $pebenens of physical
testing.Thebehaviorof reinforcement material is provided only at the elastic stage

For the calculation we used implied solver dfetiential equationsSearch for solution
of the nonlinear problem was implemented by iterative method of tan@ésudori Raphson
method with automatic optimization of the approximation interval in the process of solution.



